Although many tumours of the glomus jugulare have now been reported, attention has been mainly directed to the symptoms and signs of aural disease which they produce; comparatively little interest has been shown in their neurological manifestations. In this communication we report the clinical and pathological findings in six patients suffering from tumour of the glomus jugulare who have been treated at the London-Hospital. Five of these patients had certain evidence of intracranial extension of the tumour and this was confirmed by necropsy in two.
Anatomical Considerations The glomus jugulare is a part of the chemoreceptor system, a group of small bodies or glomera which are found in the head, neck, and thorax in relation to the glossopharyngeal and vagus nerves. It has been established that the largest member of the system, the carotid body, is a chemoreceptor sensitive to certain chemical changes in the blood (Heymans and Bouckaert, 1939) ; it has been inferred on grounds of structural resemblance that the other members of the group have a similar function. Their general distribution is shown in Fig. 1 . The structures concerned are the carotid and aortic bodies, glomera in association with the ganglion nodosum and auricular branch of the vagus and the glomus jugulare. They are all composed of rounded "epithelioid " cells in small alveolar clusters separated by narrow capillary blood channels, the whole being surrounded by a little delicate collagenous tissue (see Fig. 16 ). Apart from the carotid body they are very small, rarely measuring more than 0-5 mm. in diameter, and varying in number and situation.
According to Guild (1941 Guild ( , 1951 ) the glomus jugulare consists of one or more bodies lying in the adventitia of the dome of the jugular bulb. Guild also describes similar bodies, which may represent the whole of the glomus jugulare, situated along the R. A. HENSON, J. V. CRAWFORD, AND J. B. CAVANAGH Clinical Histories and Pathology Case 1.-A woman, age 17 (L.H. No. 43148/17), was first admitted to the London Hospital in October, 1914, with a nine months' history of pain and left aural discharge following an injury. Mastoidectomy was performed. She continued to complain of pain in the left ear, and several operations for the removal of recurrent aural polypi were performed. In January, 1916, left facial weakness was first noted. At this time an attempt was made to remove a mass of growth in the external auditory meatus, but it was abandoned because of haemorrhage. By September, 1916 , paralysis of the left vocal cord and left half of the tongue had appeared, and a mass of bluish-red growth, extending from the external meatus to the internal ear, was removed. She was admitted for the last time in December, 1917, complaining of severe pain in and behind the ear. Examination showed left facial paralysis, complete deafness on the left, paralysis of the left vocal cord, wasting and weakness of the left sternomastoid, and left lingual hemiatrophy with fasciculation. She was anaemic (Hb. 40%, R.B.C. 3,280,000 per c.mm.) and the urine contained albumin. She required large doses of morphia for the relief of her pain and died on January 17, 1918.
The necropsy (P.M. 32.1918 ) may be summarized as follows: Purulent bronchitis; bronchiectasis of the posterior part of the left lower lobe; amyloid disease of the liver, spleen, and kidneys; disseminated secondary deposits in the liver, lungs, and spleen from a primary tumour of the left glomus jugulare; ascites, great general anasarca, and marasmus.
Examination of the Base of the Skull.-A mass of pink elastic granular growth extended from the left pterygoid fossa to the left mandibular articulation and reached below to the left atlanto-occipital joint. Laterally it continued into the middle ear cavity and the mastoid antrum; it formed nodular masses in the dura over the posterior aspect of the petrous bone. Its medial boundary was just lateral to the left fifth and seventh cranial nerves. The left jugular foramen was completely closed by growth and the lumen of the jugular vein at its highest part was occupied by what appeared to be organized thrombus. The left seventh, eighth, ninth, tenth, and eleventh cranial nerves were all surrounded by growth. The right middle ear was unaffected. No abnormality was noted in the brain. There was fibrous atrophy of the left sternomastoid muscle, but no masses were discovered in the neck or thorax.
Secondary deposits (up to 1-8 cm. diameter) were very numerous throughout the liver and lungs, and there was one in the spleen. All showed a finely granular cut surface resembling the primary growth.
Microscopical Examination.-Three sections of the primary tumour only were available. It is regretted that no sections of the metastatic deposits were preserved, an oversight attributable to shortage of staff during the war years.
The tumour is densely fibrous throughout (Fig. 2) . The aural polypus is entirely composed of tumour except for a covering of squamous epithelium over one surface.
Bone from the mastoid region contains tumour infiltrating the marrow spaces (Fig. 6) October 17, 1947. Since that time the patient has remained very well, complaining only of deafness and minimal tinnitus and showing some signs of objective improvement. When seen in August, 1952, there was slight lateral nystagmus and her deafness was unchanged. The right side of the palate remained weak and the sternomastoid was wasted and inactive. The trapezius had normal power. The right side of the tongue showed ridging only and no fasciculation. Her voice remained hoarse, but the dysphagia had disappeared. There was no bruit over the mastoid. Minimal ataxia of the right upper limb persisted. A slight bulging of the posterior wall was the only abnormality seen in the right auditory meatus.
Fragments from the posterior fossa of the skull were examined microscopically.
The tumour is composed of sheets of pale-staining, often vacuolated, cells (Fig. 8) Eight years previously he had been struck on the right ear, after which deafness and aural discharge developed. He attended hospital for treatment; the discharge ceased after five months but the deafness persisted.
In June, 1949, he attended the neurological department of this hospital complaining of double vision which had followed a recurrence of the right aural discharge. Examination revealed a right sixth nerve palsy and no other abnormality. He attended irregularly until he was admitted as an emergency with acute suppuration of the right ear.
Examination showed a polypoid mass in the right ear with much purulent discharge. The right sixth nerve palsy was still present with slight right facial weakness and considerable right deafness. A mastoidectomy was started but abandoned because of profuse bleeding from soft tissue and bone. A biopsy was made of the polyp. Recovery was uneventful. Radiographs of the skull and mastoid region showed no erosion of bone. The cerebrospinal fluid was normal with 20 mg. protein per 100 ml.
Following discharge from hospital the patient again defaulted and has not received the deep x-ray therapy planned.
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-,._.* i-' -.;-. (Fig. 12 ). There was marked compression and displacement of the right cerebellar lobe. It was felt that only by extirpation of the mass could adequate decompression be achieved, and therefore radical removal of all the tumour presenting within the posterior fossa was performed. It was noted that the right vertebral and basilar arteries were in contact with the tumour mass, but no larger branches entering the tumour were seen. Numerous large veins traversed the growth however, and these had to be sacrificed in the removal. The patient died on the sixteenth day after operation. W9.. Examinationi of the Skull.-Replacing the dura over an area (2-5 cm. x 2 5 cm. diameter) in the anterior wall of the right side of the posterior fossa was a soft haemorrhagic tumour spreading beneath the dura to reach the porus acousticus intemus above, and the intradural course of the right sixth nerve medially ; laterally it completely occupied the lower three-quarters of the sigmoid sinus, while below it reached almost to the edge of the foramen magnum, having destroyed the bone between the foramen lacerum and the anterior condylar canal. The twelfth nerve was involved in this medial extension. Serial parasagittal slices of the right petrous bone, made after decalcification in formic acid, revealed that the tumour bulged downwards, expanding the jugular foramen, and invaded the lumen of the internal jugular vein to form a firm pink and cream tongue of tissue (2-3 cm. long x 0 5 cm. broad), resembling antemortem thrombus, lying free within the lumen of the vein, but firmly attached to the main tumour above (Fig. 13a) . The ninth, tenth, and eleventh nerves and the jugular vein disappeared into the tumour above (Fig. 1 3b) . Anteriorly the tumour had destroyed the ridge between the jugular and carotid openings, and, coming into contact with the adventitia of the internal carotid artery, bulged forwards lateral to it towards the pterygoid fossa and the temporo-mandibular articulation. It had destroyed most of the inferior surface of the petrous bone. The growth continued into the middle ear cavity, which it completely filled. It did not penetrate the thin tegmen tympani but extended outwards to form a polypus in the external auditory meatus. The internal ear was intact. The mastoid bone was densely sclerotic but did not contain tumour.
The brain was hardened for several weeks in formalin. There was a broad depression filled with blood clot and fibrin foam in the region of the right cerebellopontine the tongue of tumour that lay within the jugular vein! is shown. Above it the tumour is bulging into the pterygoid fossa.
angle. Running into the clot to become lost in its substance were the right anterior inferior cerebellar artery, a delicate anomalous branch arising 04 cm. caudally from the basilar artery, and the anastomotic branch from the posterior inferior cerebellar artery. At the edge of this emerged the flattened nerve roots of the fifth to eleventh cranial nerves inclusive; in its floor lay part of the pons, the inferior and middle cerebellar peduncles, and the adjacent portion of the cerebellum. The whole brain stem had been shifted rostrally and to the left. The right twelfth nerve roots were separated from the depression by the prominence of the olive on that side. The ninth, tenth, and eleventh roots had been severed at operation.
Transverse sections of the cerebellum and brain stem revealed softening around the edge of the cavity in the outer two-thirds of the inferior and middle cerebellar peduncles and the adjacent pons and cerebellum. (Fig. 16 ). Riemenschneider (1951) . There can be little doubt that these tumours arose from the glomus jugulare. There are also reports of tumours which have been found at operation to fill the tympanic cavity and extend through the tympanic floor to the jugular bulb (e.g. Rosenwasser, 1945; Lundgren, 1949 (Capps, 1952) . The age at onset of symptoms has varied from 17 to 80, but the incidence is greatest in the fifth and sixth decades. Although it is unlikely that trauma bears any aetiological relationship to the tumours it is noteworthy that in two of our patients, Cases 1 and 5, symptoms first appeared after trauma to the affected area, and in a third they followed a mild occipital head injury (Case 6). Tumours of the cranial glomera may be associated with growths of the carotid or aortic bodies (Kipkie 1947; Bartels, 1949; LeCompte, 1951) . Bartels has reported the occurrence of tumours of the glomus jugulare, the carotid body, or of both in members of three generations of one family.
The clinical picture presented by these tumours naturally varies with the origin of the growth. When it arises from the tympanic body the presenting symptoms are otological. Again, when the tumour originates from the glomus jugulare the initial symptoms are aural. Exceptionally the presenting complaints are due to intracranial extension, for example hoarseness due to vagal involvement as in Capps' (1952) Case 5. Thus in tumours of the glomus jugulare and glomus tympanicum haemorrhage from the ear, purulent otorrhea, aural pain, cochlear and, less constantly, vestibular disturbances are the usual complaints. On auroscopy vascular polypi are seen either deep to or bulging through the drum. With tumours of the glomus jugulare, however, symptoms and signs of intracranial extension frequently arise, though their appearance may be delayed for many years. An analysis of 77 reported cases of tympanic and jugular glomus tumours, including our six cases, shows that 31 (40%O) had certain evidence of intracranial extension ; 11 of the 31 cases were reported by Bartels (1949) and five are ours. We have excluded our fifth patient as his sixth nerve palsy may well have been due to a venous thrombosis secondary to his aural infection; moreover the site of origin of his tumour is not certain.
The neurological picture presented by our patients is in accord with previous reports, very few of which have been made from the neurological standpoint. Several neurosurgeons have recorded their experiences of single cases (Poppen and Riemenschneider, 1951; Dockerty, Love, and Patton, 1951 ; Alexander, Beamer, and Williams, 1951) , but these are the only reports from neurological sources. Bartels (1949) gives an exhaustive account of his 11 patients who showed the various patterns of cranial nerve palsies described below. The salient facts regarding our cases are summarized in Table I . The initial symptoms were invariably aural, neurological symptoms following in from two to 13 years.
Nevertheless three patients were referred directly to the neurological clinics (Cases 4, 5, and 6). The earliest neurological complaints have been dryness or stiffness of the tongue, a sensation of irritation in the pharynx, dysphagia, and aphonia. Headaches, vomiting, and failure of vision were the only manifestations of intracranial extension in Dockerty and his colleagues ' (1951) patient. Two patients complained of trigeminal pain or sensory disturbance, symptoms which have been reported by other observers and which may arise in the absence of signs of involvement of the nerve. Two patients also complained of diplopia and ataxia.
Examination has usually revealed paralysis of the seventh to twelfth cranial nerves on the affected side, but the fifth and sixth nerves may also be attacked. Female 5, 6, 7, 8, 9, 10, 11, 12 Winship, Klopp, and Jenkins (1948) and Alexander and others (1951) . Pyramidal signs were found in our last patient and also in two of Bartels' cases. Poppen and Riemenschneider's (1951) patient had weakness and hypoaesthesia of the contralateral side, presumably the result of bulbar compression, besides nystagmus and cranial nerve palsies.
In all our patients vascular aural polypi were seen in the affected ear, chronic suppuration being present in two instances. A bruit was heard over the mastoid process in four cases, but it was only a source of annoyance in the second patient. Occasionally a bruit is the presenting or dominant symptom (Semmes, 1951) .
The variable length of the clinical course pursued by these tumours is well shown by our patients (Table I) . Survival for 20 years is not uncommon (Black, 1952 and signs have appeared. In the earlier stages the polypi may be less easily discernible, there being a mere redness of the ear drum, without bulging of the membrane or protrusion of the tumour. Confusion might conceivably arise when a simple aural polyp occurred in the presence of some other intracranial tumour of similar location, but biopsy would provide the correct answer. From our own experience we would stress the liability of patients to forget their aural symptoms. These were sometimes elicited only after auroscopy had revealed the presence of polypi and further questioning had been undertaken.
Histological Diagnosis.-The relative uniformity of the histological picture of tumours of the chemoreceptor system is one of their outstanding features, particularly when reticulin preparations are examined. From the descriptive standpoint there is little to add to that already written by Lattes and Waltner (1949) , Berg (1950) and LeCompte (1951 (Berg, 1950; Capps, 1944) Attempts have been made in this series to correlate degree of invasiveness with atypical appearances of the cells. The material from Cases 2 and 5 was too scanty to be of value, but in the remainder large and hyperchromatic nuclei occurred with about equal frequency, except in Case 1. This latter tumour developed with the same rapidity as had that of Case 6 and had produced widespread metastatic deposits, yet the tumour cells looked the least atypical. Further, atypical nuclei were moderately conspicuous in Cases 3 and 4 both of which, though they showed local invasiveness, were clinically slowly growing neoplasms. It is apparent therefore that in the assessment of prognosis histology may be of little service.
Metastasis and Multiple Tumours.-Metastatic deposits from these tumours are rare. Lattes and Waltner (1949) found deposits in the liver in one case.
Winship and others (1948) discovered secondary tumour in cervical lymph nodes in one case that did not co.me to necropsy. Our Case 1 thus makes the third example. In none of these three cases was the histology in any way remarkable, except a certain excess of collagenous stroma in the case presented here. It is possible that a potent source of secondary, blood-borne deposits is invasion by the tumour of the lumen of the internal jugular vein; this was present in both our necropsied cases.
On the other hand mention should be made of the not infrequent occurrence of multiple tumours, a fact that may cause some confusion unless recognized. Of interest in this connexion is one of the earliest reported examples of a jugular body tumour that was diagnosed as a metastasis from a carotid body tumour on the same side (Lubbers, 1937) . Both Kipkie (1947) and Bartels (1949) reported other examples. Aortic and vagal body tumours have occurred together and so have carotid and vagal body tumours (Lattes, 1950) . Tumours of both carotid bodies and the left jugular body were described in one patient by Lattes and Waltner (1949) . The situations of these tumours should be the chief clue as to their true nature.
Treatment.-When these tumours are diagnosed at an early stage treatment will be in the hands of otologists to whom the patients will usually be referred. When intracranial extension of the tumour brings the patient under the care of the neurologist or neurosurgeon the decision on treatment rests between surgery and radiotherapy (deep x-ray therapy). Our own experience and that of others (e.g. Dockerty and others, 1951 ; Poppen and Riemenschneider, 1951 ) leads us to suppose that radical surgery has no present place in the treatment of these cases. The situation and vascularity of the tumours render any surgical approach extremely hazardous. Semmes (1951) stated that he had one patient in whom complete removal of the intracranial part of a glomus jugulare tumour was achieved " as far as could be determined ". This is the only recorded example of survival after radical extirpation that we have traced. Suboccipital decompression may well be of value when cerebellar or bulbar compression is present. Ligature of the external carotid artery may be helpful in suppressing a troublesome bruit. Alexander and others (1951) and Capps (1952) have reported early results of deep x-ray therapy which they regard as encouraging. Our own experience of it has been satisfactory to date. We can draw no conclusions from our second patient to whom deep x-ray therapy was largely given before the development of modern radiotherapeutic techniques, though it is clear that the last course of treatment was effective in reducing the size of the aural growth and in preventing haemorrhage. The favourable results in our third and fourth patients are apparent from the case reports. Objective evidence of improvement in the neurological status is recorded in Case 4. Surveillance for many years is
